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ВВЕДЕНИЕ 
В последнее время наметилась устойчивая негативная тенденция к 
ухудшению условий эксплуатации скважин на месторождениях Российской 
федерации вследствие вступления залежей с благоприятными геолого – 
промысловыми параметрами в позднюю стадию разработки. Это требует 
ввода новых недоразведанных месторождений с трудноизвлекаемыми 
запасами. Что в свою очередь требует привлечения капитальных вложений. 
Сложившаяся ситуация требует обратить внимание на уже 
разрабатываемые месторождения, их состояние и методы их эксплуатации. 
Для повышения нефтеотдачи, на месторождениях приходится применять 
специальные программы интенсификации, которые приводят к осложнению 
условий эксплуатации. Необходим анализ применяемых методов увеличения 
нефтеотдачи, а также выявление возможности применения новых технологий 
добычи нефти. 
Нефтяная компания Х является крупным нефтегазодобывающим 
предприятием Томской области. Сначала разработки месторождения Х 
добыто по состоянию на 1.01.2016 г. Х млн. т. нефти. Современную сырьевую 
базу составляют запасы категорий В + С1 и С2.  
Запасы нефти сосредоточены на 23 разрабатываемых месторождениях, 
13 из которых находятся на 3 и 4 стадиях разработки. 
Характерными чертами современного состояния сырьевой базы 
являются: 
 Высокая выработка запасов – 56,3%; 
 В разработку вовлечено более 98% запасов категории С1. 
На месторождениях, выработанность которых превышает 50%, 
сосредоточено 43,6% остаточных запасов и в целом по нефтяной компании Х 
происходит существенное ухудшение структуры и качества запасов, связанное 
с истощением разрабатываемых месторождений при весьма незначительном 
приросте запасов за счет новых открываемых залежей и доразведки 
эксплуатируемых месторождений. 
По существу, все месторождения по мере выработки запасов 
становятся сложнопостроенными, а их запасы трудноизвлекаемыми. Для 
повышения нефтеотдачи, на месторождениях приходится применять 
специальные программы интенсификации, которые приводят к осложнению 
условий эксплуатации.  
Актуальность данной работы обусловлена отсутствием работ, 
посвященных детальному анализу эффективности разработки месторождений 
Западной сибири, вовлечённых в позднюю стадию разработки. 
Целью данной магистерской диссертации является проведение анализа 
текущего состояния разработки Х нефтяного месторождения, а также оценка 
эффективности проводимых геолого-технологических мероприятий. 
К основным вопросам, рассматриваемым в данной работе, относятся 
следующие: общие сведения о месторождении, рассмотрение геолого-
физической характеристики месторождения, нефтеносность и строение 
залежей нефти, состав пластовой жидкости, структура нефтедобывающих и 
нагнетательных скважин, фактические и прогнозные показатели работы фонда 
нефтяных скважин, анализ пообъектной характеристики месторождения, 
анализ эффективности внедрения технологии ГРП и других методов 
увеличения нефтеотдачи и интенсификации притока, анализ эффективности 
существующей системы разработки. 
  
РЕФЕРАТ 
Объектом исследования является действующая система разработки 
нефтяного месторождения Х. 
Цель работы – проведение анализа текущей системы разработки 
нефтяного месторождения Х и обоснование эффективности проведения 
геолого-технических мероприятий. 
В работе приведены геолого-промысловые данные о месторождении Х. 
Описаны современные методы увеличения нефтеотдачи и интенсификации 
притока, применяемые в условиях Западной Сибири.  
В результате исследования проведён сбор, обобщение и переработка 
информации по данным текущего состояния месторождения Х. Рассмотрен 
действующий вариант разработки месторождения и выявлены наиболее 
эффективные методы воздействия на пласт с целью увеличения нефтеотдачи 
пласта и вовлечения в разработку дополнительных запасов нефти. 
  
Приложение А 
1. REMEDIAL CLEANUP, SAND CONTROL, AND OTHER 
STIMULATION TREATMENTS 
Although fracturing and acidizing are the most common types of well 
stimulation used today, other types of stimulation treatments are also used. Some of 
these treatments use acid-type materials but are not generally classed as acidizing 
jobs. These treatments are specifically designed for the removal of a blocking agent 
such as gypsum (gyp), drilling mud, paraffin, formation silicate, particles, or other 
materials on the wellbore face and in the formation immediately adjacent. 
The first stimulation treatments used in oil and gas wells involved explosives 
such as dynamite or nitroglycerin. This method was used for many decades before 
being discontinued for safety reasons. More recent attempts to stimulate with 
explosives involved displacement of explosive material into the producing formation 
in a fracture – type treatment. The material was then detonated. Because this method 
was hazardous, research involving explosives has been discontinued. 
1.1. Reperforation 
In some cases, it is useful to reperforate a well in the same zone in which it 
was originally perforated. The detonation of the gun loosens blocking materials in 
the formation adjacent to the well and in the previous perforations, and 
simultaneously creates more drainage holes into the wellbore. Also, over a period of 
time, some of the original perforation tunnels might become totally blocked by 
migratory fines, scale, gyp, or paraffin. Reperforation in such cases could greatly 
increase drainage area into the wellbore. 
1.2. Abrasive Jet Cleaning 
Another method used to clean up shot holes or to remove gyp contaminating 
the formation near the wellbore makes use of a jetting tool. One or more streams of 
sand-laden fluid are forced through a hardened, specially designed nozzle at 
pressures of 1,000 psi and up, to impinge against the wall of the borehole. 
These jets, striking against the face of the open hole, loosen and break up 
gyp deposits, and may penetrate the formation. If the tool is moved up and down 
while jetting, the entire borehole can be cleaned. This same tool may be used for 
perforating pipe; the high-pressure jets of sand-laden fluid are able to cut through 
%-in-thick steel pipe in 15 to 30 seconds. They can then penetrate the formation to 
a depth of 12 or 15 in., in another 5 minutes or so, forming large unobstructed 
channels for the production of reservoir fluids. 
1.3. Mud Removal 
Several materials are used to remove drilling mud from the borehole and the 
adjacent formation. The most commonly used material is a mud-dissolving acid 
consisting of inhibited hydrochloric acid (HCI) with an added fluoride. This material 
dissolves part of the mud and loosens the remainder so that it may be flushed out. 
Mud-removal agents are often used ahead of fracturing, acid jobs, or cement, to clean 
the face of the pay, to allow a lower breakdown pressure, and to minimize mud 
contamination. 
Acid cleanup solutions, containing special surfactants that increase 
penetration and provide special mud - dispersing properties, are also used when an 
infiltration of mud into the formation is suspected. 
Other solutions, containing phosphates or other chemicals, may be used to 
loosen and disperse mud particles so they can be more easily flushed from their 
position in or adjacent to the wellbore. 
Special blends of surfactants, iron chelating agents, and mud-dispersing 
agents also have been effective in removing mud from the formation. 
1.4. Water Blocks and Emulsions 
Oil- and/or water-based solutions containing low-surface-tension, emulsion-
breaking agents have been used successfully to remove water blocks or emulsions 
from a formation. More recently, solutions of special surfactants and alcohols have 
become popular. These materials are pumped into the formation to contact the water 
or emulsion block. By changing the blocking material’s physical characteristics, the 
solution enables the blocking fluid to be produced. Treatments of this type usually 
consist of a specialized, commercially available product with an oil - carrying agent. 
If a large zone is to be treated, diverting agents, ball sealers, or packers should be 
used to ensure that the solution contacts the blocking fluids. Otherwise, the 
chemicals will probably enter the more permeable and no blocked portions of the 
formation and miss the blockage completely. 
1.5. Scale Deposits 
When a well produces some water, gyp deposits may accumulate on the 
formation face and on downhole equipment and thereby reduce production. These 
deposits may have low solubility and be difficult to remove. Solutions of HCI and 
ethylenediaminetetraacetic acid (EDTA) can often be used to remove such scales. 
Soluble portions of the scale are dissolved by the HCl while the chelating action of 
EDTA breaks up and dissolves much of the remaining scale portions. When deposits 
contain hydrocarbons mixed with acid-soluble scales, a solvent-in- acid blend of 
aromatic solvents dispersed in HCl can be used to clean the wellbore, downhole 
equipment, and the first few inches of formation around the wellbore (critical area) 
through which all fluids must pass to enter the wellbore. These blends are designed 
as a single stage that provides the benefits of both an organic solvent and an acid 
solvent that contact the deposits continuously. 
1.6. Paraffin Removal 
Several good commercial paraffin solvents are on the market. These 
materials can be circulated past the affected parts of the wellbore or simply dumped 
into the borehole and allowed to soak opposite the trouble area for a period of time. 
Soaking, however, is much less effective because the solvent becomes saturated at 
the point of contact and stagnates. 
In the past, many paraffin solvents have contained chlorinated materials 
having an organic chloride ion. Presumably, such materials have been taken off the 
market because of problems encountered in refineries with poisoning of certain 
catalysts by organic chlorides. The nonorganic chloride ion from HCl is water 
soluble, and it can be readily extracted from the oil during refining processes. 
Therefore, the problem of catalyst poisoning does not arise when HCl is used in 
paraffin-removal formulations such as acid dispersions. 
Hot-oil treatments also are commonly used to remove paraffin. In such a 
treatment, heated oil is pumped down the tubing and into the formation. The hot oil 
dissolves the paraffin deposits and carries them out of the wellbore when the well is 
produced. When this technique is used, hot-oil treatments are usually performed on 
a regularly scheduled basis. 
Paraffin inhibitors are a recent development. These are designed to create a 
hydrophilic surface on the metal well equipment. This in turn minimizes the 
adherence of paraffin accumulations to the treated surfaces. 
1.7. Large-Volume Injection Treatments 
A simple technique often used to free or to open blockages within the 
formation consists simply of pumping large volumes of crude oil, kerosene, or 
distillate into the formation. These treatments are especially effective when the 
formation is blocked by fine silicates or other solids. Pumping the oil into the 
formation may rearrange these fine particles so that flow channels to the wellbore 
are reopened. Sometimes it is helpful to add surface-active agents or emulsion-
breaking agents to the oil. 
1.8. Steam Injection 
In some areas where low-gravity crude is produced, steam is used to heat and 
reduce the viscosity of the oil and thereby allow the oil to move more easily to the 
wellbore. Two types of steam injection are used. In some areas, steam is injected 
into a central injection well and the oil produced from adjacent or surrounding wells. 
The other type of injection is often referred to as “huff ‘n’ puff.” This consists 
of alternate steam-injection and oil-production cycles from the same well. 
1.9. General Comments 
In any case of production decline, it is important to have all available facts 
and to make the best possible analysis from these facts as to the factors contributing 
to the decline. If the problem is not analyzed as completely as possible before 
treatment, a great deal of money may be wasted in the use of an incorrect treatment. 
Also, whenever a fluid is to be pumped into a specific part of a zone, some chemical 
or mechanical method should be used to ensure that the fluid enters the proper zone. 
1.10. Sand Control 
1.10.1. Sand Formation Properties and Geology 
Most oil and gas wells produce through sandstone formations that were 
deposited in a marine or detrital environment. Marine-deposited sands, where most 
of the hydrocarbons are found, are often cemented with calcareous or siliceous 
minerals and may be strongly consolidated. In contrast, Miocene and younger sands 
are often unconsolidated or only partially consolidated with soft clay or silt. These 
structurally weak formations may not restrain grain movement. When produced at 
high flow rates, they may produce sand along with the fluids. 
1.10.2. Why Is Sand Produced? 
Fluid movement through sandstone reservoirs creates stresses on the sand 
grains because of fluid pressure differences, fluid friction, and overburden pressures. 
If these stresses exceed the formation-restraining forces, then sand grains and fines 
can move and may be produced with the fluid. Rapid changes in fluid production 
rates and fluid phases cause unstable conditions that can result in increased sand 
production. When a well starts to produce water, it will often start to produce sand. 
Muecke demonstrated that particle movement takes place in a multiphase system 
when the wetting phase starts to move.  
Even consolidated sandstone can be mechanically and chemically damaged 
with time as the reservoir is produced. Overburden stress on sand grains increases 
as the reservoir pressure decreases. Water movement can dissolve minerals that 
cement sand grains as well as change the carrying capacity of the formation fluids. 
Fines migration can reduce the permeability in the perforation tunnels. This can 
result in a higher pressure drop into the wellbore and a change in formation stresses. 
A calcite-cemented formation can be damaged by an improperly designed acid 
treatment, and increased sand production can result. 
1.10.3. Consequences of Sand Production 
Sand movement in unconsolidated formations and its ultimate production 
with oil and/or gas creates a number of costly and potentially dangerous problems. 
Most common among these problems are the following. 
1. Production interruptions can be caused by sand plugging the casing, 
tubing, flowlines, or separator. 
2. Casing collapse can be caused by changes in overburden pressure and 
stresses within the formation. 
3. Downhole and surface equipment can be destroyed, resulting in downtime 
for equipment replacements, spills, cleanup or even an uncontrolled blowout. 
4. Disposal of produced sands is costly because regulations require the 
disposed sands to be essentially oil-free. 
1.10.4. Methods of Sand Control 
Higher allowable production rates have increased the need for more effective 
and durable sand-control systems, which exhibit minimal permeability impairment. 
Experience indicates that sand control should be implemented before the formation 
is seriously disturbed by sand removal. Four general types of sand-control methods 
have been developed to reduce or to prevent the movement of formation sands with 
produced fluids. 
1. In some cases, sand production can be prevented merely by restricting the 
production rate and thus reducing the drag forces on the sand grains. This simple 
approach is usually uneconomical. Increasing perforation size and density along 
with the use of clean, no damaging completion fluids will help to decrease fluid 
velocity and drawdown pressure at higher production rates. 
2. Gravel packing is the oldest, simplest, and most consistently reliable 
method of sand control. It has wide application both on land and offshore. Advances 
in gravel-pack technology, which use a viscous fluid to carry high gravel 
concentrations around a screen, have resulted in faster and more productive gravel 
packs. Improved completion tools and through-tubing tools that eliminate the need 
for costly workover rigs have expanded the application of gravel packing. 
3. Sand consolidation plastic treatments inject resins into the producing 
interval, binding the formation sand grains together while leaving the pore spaces 
open. With use of special preflush systems and diverting agents, intervals up to 30 
ft. thick have been successfully consolidated and provided with the strength 
necessary to allow high production rates. 
4. Resin-coated gravel packing places gravel coated with a resin both inside 
and outside the perforations and in the casing. As the resin cures, the sand grains are 
bound together. A strong, highly permeable, synthetic sandstone filter results. After 
curing, the excess resin-coated gravel is drilled from the casing, resulting in a full-
open wellbore. This gravel pack can be used with or without a screen, in primary or 
remedial work, and through coiled or concentric tubing. 
The type of sand-control method selected will depend on the specific well 
conditions. Important variables such as grain-size distribution, clay content, interval 
length, bottomhole temperature, wellbore deviation, mechanical configuration, 
bottomhole pressure, anticipated production rates, and cost should be considered 
before deciding on the method of sand control best suited to the well. 
1.10.5. Formation Sampling 
The most important design parameter in sand control is the formation sand 
grain size. The success of gravel-pack methods relies upon formation particles being 
restrained by the larger pack gravel. Chances for a successful sand control job are 
highest when representative samples of the formation are available for sieve 
analysis. This enables selection of the proper size of gravel. 
The most representative formation samples are obtained from rubber-sleeve 
core barrels. Sidewall cores, although they contain crushed grains and mud 
contamination, are the second choice. Bailed or separator samples are not 
representative since sand grains may have been segregated-the larger grains 
remaining in the hole and the smaller grains being produced with the well fluids. 
1.10.6. Formation Analysis 
Formation sand sieve analyses should be conducted to determine formation 
properties under bottomhole conditions. Treatment steps in acidizing, clay 
stabilization, and sand control can be determined. Typical sandstone analyses 
include permeability, porosity, response to acid, mineralogy, petrographic analysis, 
scanning electron microscope analysis, X-ray diffraction analysis, and optical 
emission spectrographic analysis. 
1.10.7. Well Preparation 
A successful sand-control installation is dependent on following the 
recommended procedures for all phases of the drilling and completion operations. 
Selection of the proper gravel size or resin, use of no damaging drilling and 
completion fluids, perforation density and cleanliness, and gravel placement are 
among the important factors affecting well productivity. The following are some of 
the factors that should be considered before any sand control procedures are 
initiated. 
1.10.8. Cleanliness.  
Clean Tubing. Steps must be taken to ensure that new or used tubing is as 
free as possible of rust, scale, mill varnish, and other contaminants or obstructions. 
Many of the contaminants can be removed chemically through the use of solvents 
or mechanically by “rabbiting” the joints before running. 
Acidizing the tubing string after it has been run will remove rust and some 
of the pipe dope that accumulates (see next section) inside the tubing. The string can 
be acidized by pumping HCl down the string to within 100 to 200 ft of the bottom 
and then immediately reverse circulating the acid out. Complexing or reducing 
agents should then be used. The acid should not be allowed to exit the tubing string 
nor to reach the perforations. Any iron present in the ferric state could precipitate as 





Table 1 – Pressure drop across a sand-filled perforation 
 
Pipe Dope. Pipe dope, when improperly applied, may be squeezed inside the 
tubing at the joints and can be transported into the formation by treatment fluids or 
become lodged in the screen or liner slots, resulting in decreased production. It is 
virtually impossible to remove the solids found in pipe dope from an oil or gas well 
chemically. Pipe dope should therefore be applied sparingly to the pin end of the 
tubing. It should not be used inside the collar where it can be squeezed into the tubing 
string when the joint is made up. 
Filtering of Fluids. Significant reduction of oil and gas production can be 
caused by formation damage caused by solids in the fluids used in well completion 
or workover operations. Clays, silt, or organic solids injected into a perforated 
interval can become trapped in the formation matrix or in the perforation tunnels 
where they can act as a low-permeability choke, reducing the productivity of the 
well. 
1.10.9. Cement Bond. A good bond between the cement and the formation 
and between the cement and the casing is essential to isolate the producing zone. 
Primary cementing is one of the most critical phases in a successful well completion, 
and good cementing practices should be followed. 
 
 Fig. 1 – Higher perforation density increases the success ratio for sand 
consolidation treatments 
An in-gauge borehole is important, and the string should be equipped with 
adequate centralizers, particularly in deviated holes. Spacer fluids and cement slurry 
properties must be controlled. The string should be equipped with scratchers through 
critical zones and either rotated or reciprocated during placement of the slurry. 
Turbulent flow is recommended. 
If there is any indication of poor bonding, a squeeze cement job should be 
performed. Intervals to be treated separately should be effectively isolated by bonded 
cement to reduce the possibility of communication between zones. 
1.10.10. Perforations. The success of sand-control treatments in cased 
holes, measured in terms of well productivity and treatment life, is greatly affected 
by perforation size and density and by perforating damage. Perforation tunnels must 
be open so they can be filled with pack gravel to prevent filling with formation sand. 
If perforations are plugged, gravel cannot be deposited in the tunnels (as carrier 
fluids flow into the formation) and formation consolidation chemicals cannot be 
injected. 
If formation sand is lodged in the perforation tunnels, the pressure drop 
within the perforation can be excessive, even though the permeability of the 
formation sand is relatively high. Experimental results indicate that fluid flow can 
be turbulent in gravel-filled perforation tunnels with pressure drops far greater than 
those predicted by Darcy’s linear flow equations. As shown in Table 1, pressure drop 
within a gravel-filled perforation tunnel can be quite significant. 
The greater the perforation density, the less the drawdown through each 
perforation tunnel and the less the velocity through each effective perforation. 
Intervals perforated 4 shots/ft. show cumulative production before sanding to be 
seven times greater than intervals perforated with only 1 shot/ft. Two perforations 
per foot show two-thirds the capacity of 4 shots/ft. 
In wells gravel-packed effectively. the lower fluid velocity resulting from 
high perforation density and large-diameter perforations reduces screen erosion and 
increases the life of the sand-control treatment. Pressure drop through higher density, 
large-diameter perforations is also reduced, resulting in higher wellhead pressure 
and greater oil or gas production. 
For sand consolidation, closely spaced perforations (8 to I2 shots/ft) increase 
the likelihood of a uniform plastic pattern around the wellbore, even if some of the 
perforations are plugged. Fig.1 illustrates what can happen when a perforation is 
plugged. Note that the sand is not consolidated behind the plugged perforation on 
the right side of Fig. 1(a), and that this is the spot where a failure is most apt to occur. 
1.10.11. Perforation Cleaning. The high-pressure jet from a perforating gun 
pierces the casing and forms a hole by pulverizing cement and formation into 
compacted particles. Cement and material from the jet charge are mixed with the 
formation material in the compacted zone while loose debris fills the perforation 
tunnel. It is necessary to remove this debris from the perforation tunnel to increase 
the probability of success in sand consolidation or gravel packing. Fig. 2 shows the 
damage that can occur in the perforation and on the face of the formation during 
drilling and perforating. 8 
Perforation-cleaning methods include backflow, underbalanced perforating, 
backsurging, washing, and acid stimulation, or combinations of these. These 
methods are discussed further. 
Backflow. Flowing the well may not clean up more than a few perforations 
and, if enough differential is available to purge debris from the perforations, the well 
may sand up. Backflow must be done slowly and carefully. 
Underbalance. Perforating with hydrostatic pressure less than formation 
pressure allows tunnel debris to be carried into the wellbore with the first surge of 
fluid from the formation. 
Backsurging. Backsurging techniques dislodge gun debris and loose 
material from perforation tunnels by sudden exposure of a perforated zone to an 
open chamber at atmospheric pressure. The differential pressure created causes 
formation fluids to surge through the perforations into the casing, flushing the 
perforation tunnels. Backsurging has proved to be very successful in improving 
productivity. 
Perforation Washing. Washing is achieved by straddling a small increment 
of the perforated interval with a special tool and injecting nondamaging fluids into 
the perforations in the increment. The fluid circulates outside the casing and back 
through the perforations nearest the tool seals, removing debris and formation sand 
from the perforations and from behind the casing. The tool is moved in increments 
equal to the seal spacing until the entire perforated interval is washed. 
After the perforations are washed or surged and debris is circulated out, a 
positive-depth indicator is placed in the well below the perforations to establish a 
reference point from which the string is accurately spaced out. This is especially 
important in multiple completions with closely spaced producing intervals. 
Matrix Acid Stimulation. The purpose of matrix acidizing is to penetrate the 
formation at less than fracturing pressure and to remove damage from perforation 
tunnels and the critical area surrounding the wellbore. Mud filter cake, silt, and clay 
are typical damaging materials that may be removed by mud acid to restore a well’s 
natural productivity. 
 Fig. 2 – Drawing of a perforation tunnel showing fluid invasion from the wellbore 
into the formation, and debris in the perforation and the compacted zone 
surrounding the perforation tunnel 
The formation solubility should be determined in both mud acid and HCI. If 
mud acid is used, a formation solubility at least 10% greater in mud acid than in HCl 
is preferred. Moreover, the formation solubility in HCl should be less than 20% to 
avoid calcium fluoride precipitation. 
A typical three-step acid stimulation consists of an HCI preflush, matrix 
treatment with mud acid, and an HCI overflush. 
HCl Preflush. A preflush of 50 to 100 gal/fi of perforations is advisable. The 
HCI is used to prevent contact of mud acid with calcareous materials or formation 
brine. This prevents or reduces the chances of precipitation of calcium fluoride and 
various fluosilicates. 
Matrix Treatment With Acid. The proper volume of mud acid should be 
injected to remove damage near the wellbore. Usually 50 to 200 gal/ft of perforations 
is required. Success in matrix acidizing depends on acid contacting the entire 
production interval. This is achieved through the use of diverting agents. 
A mutual solvent comprised of ethylene glycol monobutyl ether is sometimes 
needed to achieve good results. It is an effective water-wetting agent, demulsifyer. 
and interfacial-tension reducer. 
Overflush. Completion or workover brine should not be used as an overflush for 
mud acid because of the possible precipitation of sodium, potassium, or calcium 
fluosilicates. The use of dilute HCI, ammonium-chloride solution, light oil, or 
nitrogen as the overflush agent is recommended. 
1.10.12. Clay Control 
In many cases, formation permeability may be damaged by the various clay 
materials present. Many clays are water sensitive, and contact with foreign fluids 
may cause damage by two mechanisms. The first, and probably the more critical, 
mechanism is dispersion and migration of the clay particles. Dispersion may be 
caused by charge differences or by fluid movement. The dispersed clays are then 
free to move through the formation until they enter an opening too small to pass, 
thus lodging and reducing permeability. The second mechanism is expansion or 
swelling of the clay particles. Water absorbed between the clay particles causes the 
particles to expand, with a corresponding decrease in pore volume and the plugging 
of pore channels. To avoid a production decrease, it is important to stabilize clays 
before or along with a sand-control treatment. 
1.10.13. Gravel Selection 
Gravel should be sized to prevent invasion of the pack by the finest formation 
sand. For example, if 20% of a gravel pack is fine sands, the permeability will be 
35% less than if no fines were present. 
A gravel size should be selected that will restrict the movement of fine 
formation sand but will not reduce the flow of fluids to uneconomical rates. Saucier 
suggests that the gravel size for controlling uniform sands should be five to six times 
the diameter of the mean (median) formation sand grain size. Degree of pack 
impairment is illustrated in Fig. 3, which shows the ratio of effective to initial pack 
permeability vs. the ratio of the pack median diameter to the formation median 
diameter.  
  
Fig. 3 – Gravel-pack permeability impairment caused by formation sand invasion 
is illustrated by curve of change in ratio of increases  
Proper gravel size is determined by the following steps. 
1. Obtain a representative formation sample; closely spaced samples from 
rubber-sleeve cores provide the best design bases. 
2. Perform a sieve analysis. 
3. Plot the sieve analysis data on either a cumulative logarithmic diagram (S-
plot) or a logarithmic probability diagram. 
4. Calculate the gravel median grain diameter using a five-to-six multiple of 
the 50-percentile formation grain diameter. When multiple cores from a single zone 
are provided, they should be analyzed and plotted separately. 
The samples should not be mixed. The sample with the smallest 50-
percentile grain diameter is used to select the gravel. Tables 2A and 2B list some of 
the commercial gravel sizes available. Gravel should be screened and checked to 





Table 2A –Available gravel sizes 
 
 
Table 2B – Formation sand sieve analysis 
 
 
Sieve analysis data for two rubber-sleeve, core-barrel samples, taken from 
the same zone, are tabulated and are plotted in Figs. 4 and 5. Note that Sample A is 
from a portion of the zone that contains coarser sand than the portion from which 
Sample B was taken. If Sample A alone had been taken, a coarser gravel would have 
been selected, and a gravel-pack failure could have resulted. 
   
                          Fig. 4                                    Fig. 5 
In Fig. 6, produced, bailed, and core-barrel samples from the same well zone 
have been plotted. The core-barrel sample plots as a straight line (minor variations 
are typical, however). The dashed variation shown could indicate a sieving or weight 
problem. A bailed sample would typically rise on the left because finer formation 
grains would have been produced, leaving the larger grains in the wellbore. 
Conversely, a produced sample would rise on the right, indicating an excess of fines.  
 
Fig. 6 –Logarithmic probability diagram of produced, balled, and core-
barrel samples from the same well 
The same data are shown in an S-plot (Fig. 7). Each of the curves is typically 
S-shaped, and any curve plotted by itself would not readily be interpreted as varying 
from the norm. An error in gravel selection could result if the sample type were not 
known. 
 
Fig. 7 –Cumulative log diagrams (S-plot) of produced, balled, and core-barrel 
samples from the same well 
 
1.10.14. Gravel Quality. Studies have indicated that gravels containing fine 
particles outside the specified range will have lower permeability. Some supply 
sources furnish gravel with excessive amounts of particles smaller than specified. 
Angular gravels may be broken during shipping and handling, thereby creating fine 
particles that reduce the quality of the gravel. Rounded gravels provide tighter, 
uniform compaction and somewhat higher permeability than angular gravels. 
 
1.10.15. Screen Selection 
Many types of wire-wrapped screens are available, including ribbed, all-
welded, grooved, and wrapped-on-pipe. The all-welded screen has the wrapping 
wire resistance-welded to wire ribs at each point of contact. Spacer lugs, solder 
strips, and weld beads are not required and, therefore, the all-welded screen is 
stronger and more corrosion-resistant; it also has a lower pressure drop, and it will 
not unravel if the wire is eroded or broken.  
The wrapping wire on these screens is usually made from 304 stainless steel 
while the pipe core is Pipe Grade S or K. Other wire and pipe materials are available. 
The configuration of the openings in all screens is very important. If the sides 
of the slots are parallel, plugging may occur as the small sand grains bridge the slot. 
To reduce the chance of this occurring, the wire used to wrap the screen is wedge-
shaped. 
Fig. 8 shows the construction features of an all-welded screen. 
  
Fig. 8 – All-welded screen 
 
For gravel packing, the gauge of the screen should be small enough to 
prevent the passage of the gravel-pack sand. Slot width is usually taken as one-half 
to two-thirds of the diameter of the smallest gravel-pack grains. 
The screen diameter should be as large as possible and yet leave adequate 
room for packing gravel. Table 3 shows the dimensions and inlet areas for several 
sizes of wire-wrapped screens. Screens are available with slot openings from 0.006 
to 0.250 in. in 0.001 -in. increments.  
The screen length should overlap the perforated interval both above and 
below by 3 to 5 ft. Blank pipe should be run above the screen to provide a reservoir 
for extra gravel. Blank pipe length should be three to four times the screen length 
with a minimum length of 60 ft. 
 
Table 3 – Common screen specifications and sizes 
 
 1.10.16. Gravel Packing 
Methods. The term “gravel.” as used here. refers to a uniform, graded, 
commercial silica sand that is placed in the wellbore and perforation tunnels for the 
purpose of mechanically retaining formation sands. These are described next. 
Circulating gravel packs are done in two steps: an outside pack and an inside 
pack. The outside pack or prepack places gravel outside the perforations, where 
voids may exist in the formation surrounding the casing and in the perforations. An 
outside pack is, of course, not used in openhole completions. The outside pack is 
usually attained by pumping a gravel slurry through an open-ended workstring with 
the application of fluid pressure. To achieve good gravel placement, fluid must be 
lost to the formation. 
The inside pack is achieved by pumping a slurry containing from 1/4 to 15 
lbm of gravel per gallon of fluid down the workstring and through a crossover tool 
into the annular space between the screen and the casing. The gravel is held in place 
by the screen while the carrier fluid (brine, diesel oil, etc.) flows through the screen 
and crossover tool into the tubing/casing annulus and back to the surface. 
A wash pipe extends from the crossover tool. inside the blank pipe and 
screen, to the bottom of the screen. Returns are taken through the wash pipe. It is 
recommended that the wash pipe outside diameter be 0.6 times the screen liner inside 
diameter and made up with flush joints. This ratio of wash pipe outside diameter to 
liner inside diameter optimizes gravel distribution along the screen in deviated holes. 
The screen and blank pipe should be centralized every 15 ft, and the length 
of the screen should be such that it extends above and below the perforated interval 
by 3 to 5 ft. A calculated quantity of a high-density slurry at 15 lbm of gravel per 
gallon of fluid (density of l3.8Y lbm/gal if fluid is water) is circulated into place. As 
the grave1 settles out and packs in the hole outside the screen. injection pressure will 
increase. When the injection pressure has increased to between 750 and 1.500 psi 
above the originally established injection pressure, pumping is stopped. When the 
sandpack causes such a pressure increase, the condition is called a screenout. 
The slurry remaining in the reservoir above the screen (established by the 
blank pipe) will settle out so that ample gravel exists above the top of the screen. 
Since about 60% of the slurry volume consists of gravel. 100 ft of slurry will result 
in 60 ft of settled gravel. 
In gravel packing intervals with the circulating method and a high-density 
slurry, a lower tell-tale is recommended. The lower tell-tale is a short section of 
screen, not less than 5 ft long, located below the production screen. A seal sub, 
installed between the lower tell-tale and the production screen, seals the wash pipe. 
Returns are thus taken only through the lower tell-tale. By this method, gravel is 
placed at the bottom of the screen. and a denser pack can be achieved. After 
screenout of the tell-tale screen, the wash pipe is pulled up into the production screen 
to complete the gravel pack. 
Squeeze gravel packing uses a gravel slurry consisting of 15 lbm of gravel 
added to a gallon of viscous carrier fluid. This gives a high-density (13.89 lbm/gal) 
slurry. The carrier fluid transports the gravel into place and is squeezed away into 
the formation. A viscosity breaker in the carrier fluid reduces the viscosity according 
to a preplanned schedule; this allows for fast well cleanup. 
Reverse circulating gravel packing is a low-density method using 1/4 to 2 
lbm of gravel per gallon of carrier fluid. The slurry is circulated down the 
tubing/casing annulus. The gravel is retained on the outside of the screen while the 
carrier fluid flows through the screen and to the surface through the tubing. After the 
pack is completed and all the gravel in the annulus has settled, the tubing is pulled 
out of the hole, leaving the screen assembly with a polished nipple on top in the hole. 
A production packer with an overshot seal assembly is then run over the polished 
nipple. If the pack is done in perforated casing, a prepack is usually done first. 
Several disadvantages associated with a reverse circulating gravel pack 
include (1) long rig time, (2) pack voids. (3) slurry pumped down the annulus 
scouring dirt and mill scale from the inside of the casing and the outside of the 
tubing, and (4) possible formation damage caused by large amounts of dirty fluid 
circulated and lost to the formation. 
Wash-down gravel packs are done by dumping the gravel down the casing, 
allowing it to settle. and then running a screen-and-wash pipe assembly with a wash-
down set shoe into the hole. Circulation is established through the shoe, and the 
screen assembly is lowered as the gravel is washed up the annulus. When the shoe 
tags bottom. circulation is immediately stopped, and the gravel allowed to settle 
around the screen. The screen is then released, and a production packer with a seal 
sub is run into the hole to seal the production string. 
  
ЗАКЛЮЧЕНИЕ 
Данная работа посвящена анализу эффективности системы разработки 
нефтяного месторождения Х. 
Необходимо отметить, что вследствие вступления залежей с 
благоприятными геолого – промысловыми параметрами в позднюю стадию 
разработки происходит ухудшение условий эксплуатации скважин на 
месторождениях Западной Сибири. Это требует ввода новых недоразведанных 
месторождений с трудноизвлекаемыми запасами. Что в свою очередь требует 
привлечения капитальных вложений. 
Сложившаяся ситуация требует обратить внимание на уже 
разрабатываемые месторождения, их состояние и методы их эксплуатации. 
Для повышения нефтеотдачи, на месторождениях целесообразно применять 
специальные программы интенсификации притока. Необходим анализ 
применяемых методов увеличения нефтеотдачи, а также выявление 
возможности применения новых технологий добычи нефти. 
В ходе проделанной работы можно отметить, что фактические уровни 
добычи нефти отстают от проектных значений (20-30%). Проектные решения 
в период 2006-2016 гг. не выполняются в полном объеме. Среди причин 
вызвавших отставание уровней добычи нефти выделяются: меньший 
коэффициент использования скважин, чем был предусмотрен в проекте; более 
высокие темпы обводнения скважин, отставание темпов отбора от темпов, 
заложенных в проекте. 
Для интенсификации добычи нефти на месторождении Х 
рекомендуется применение следующих методов: гидравлический разрыв 
пласта, зарезка боковых стволов, обработка призабойной зоны скважин. 
Целесообразно вывести из бездействия и консервации 24 добывающих 
скважины, восстановить закачку воды в 4 нагнетательные скважины и 
перевести в ППД 3 добывающие скважины. Для условий месторождения Х, за 
счёт проведения вышеперечисленных мероприятий можно достичь 
дополнительной добычи нефти, которая составляет 557,4 тыс. тонн. 
АННОТАЦИЯ  
Выпускная квалификационная работа состоит из 145 страниц, 20 
рисунков, 18 таблиц, 36 источников литературы. 
 Ключевые слова: ДОБЫЧА НЕФТИ, СИСТЕМА РАЗРАБОТКИ, 
МЕТОДЫ УВЕЛИЧЕНИЯ НЕФТЕОТДАЧИ, ГИДРОРАЗРЫВ ПЛАСТА, 
ФОНД СКВАЖИН. 
 Работа содержит введение, заключение, перечень, использованный 
литературы, список публикаций автора, одно приложение и шесть разделов 
основной части диссертации. 
В первой главе приведены общие сведения о месторождении Х. 
Описано географическое и административное положение месторождения и 
дана краткая характеристика района исследования. Раздел содержит 
характеристику геологического строения, коллекторских свойств 
продуктивного пласта, свойства и состав нефти, газа и воды.  
Вторая глава содержит информацию о текущем состоянии разработки 
месторождения Х. В данной главе содержится информация о проектных 
уровнях добычи нефти на месторождении и геолого - технологических 
мероприятиях, проводимых для их достижения. Рассмотрено текущее 
состояние фонда добывающих и нагнетательных скважин, уделено внимание 
динамике добычи, приведено сравнение проектных и фактических 
показателей разработки месторождения.  
В третьей главе описаны методы интенсификации добычи нефти и 
повышения нефтеотдачи пластов на нефтяном месторождении Х. Глава так же 
содержит анализ эффективности применяемых методов воздействия. 
Четвертая глава посвящена анализу мероприятий по гидроразрыву 
пласта на месторождении Х. Представлено краткое описание агрегатов и 
технических средств, применяемых при ГРП, произведён расчёт основных 
параметров ГРП. Приведены рекомендации к внедрению новой технологии 
ГРП по повышению эффективности ранее выполненных ГРП. 
В главе финансовый менеджмент, ресурсоэффективность и 
ресурсосбережение путем расчета капитальных и эксплуатационных затрат, 
доказана экономическая эффективность текущего варианта разработки на 
месторождении Х. 
 Заключительная глава содержит информацию о социальной 
ответственности оператора по добыче нефти и газа, анализ вредных и опасных 
факторов производственной среды, приводятся сведения об экологической 
безопасности и безопасности в условиях чрезвычайных ситуаций. 
 В заключении приводится ряд выводов, полученных в результате 
проведения работы, список публикаций автора и приложение к ВКР, 
выполненное на английском языке. 
 
